1. Introduction
===============

Diabetes mellitus (DM) increases the risk of all-cause and cardiovascular mortality.^\[[@R1]--[@R4]\]^ It is well established that an aggravation of insulin resistance and a deterioration of insulin secretion are 2 central defects in DM pathogenesis.^\[[@R5],[@R6]\]^ However, the clinical features of DM in Asia are explicitly different from those in other parts of the world.^\[[@R7]\]^ Several previous studies in a Korean population have reported that impaired insulin secretion is more prominent than insulin resistance, even in the status of impaired glucose tolerance and type 2 DM.^\[[@R8],[@R9]\]^

Metabolic syndrome (MetS) is a concurrence of impaired glucose intolerance, abdominal obesity, dyslipidemia, and hypertension; insulin resistance is a major characteristic.^\[[@R10],[@R11]\]^ The prevalence of MetS is rapidly increasing worldwide and affects approximately 31% of Korean adults.^\[[@R12],[@R13]\]^ MetS has many characteristics in common with DM, and according to some classifications, has been identified as a risk factor for DM development. However, the numerous definitions of MetS have concurrently included established DM as part of the diagnostic criteria of MetS. The World Health Organization recently recommended that established DM should be excluded from the definition of MetS.^\[[@R14]\]^ However, there is a paucity of data supporting this recommendation, especially regarding the clinical significance of MetS concept for predicting adverse clinical outcomes in established DM status. This issue may be more important in the Asian population than in the worldwide population considering the different features of DM in Asia. In the present study, we investigated the impact of MetS on long-term mortality according to DM status within the concept of MetS using a large Korean multicenter registry.

2. Methods
==========

2.1. Subjects and study design
------------------------------

We analyzed data from the Korea Initiatives on Coronary Artery Calcification (KOICA) multicenter registry. This is a retrospective, single ethnicity multicenter observational registry in a self-referral setting for subjects who underwent health check-ups at 3 healthcare centers in South Korea. Between December 2002 and July 2014, a total of 48,903 subjects were enrolled in this registry, and the median follow-up duration was 53.1 months (interquartile range: 33--80). Self-reported medical questionnaires were used for obtaining information about medical history. All data were acquired at the time of visit at each healthcare center. Of the 48,903 subjects from this registry, 6100 subjects were excluded from this analysis because of the lack of data for identifying the status of both MetS and DM. With the remaining subjects, we performed a 1:1 propensity score matching (PSM) between patients with and without DM using prespecified clinical variables, including age, gender, smoking, and individual MetS components. Finally, a total of 14,956 subjects composed of 7478 diabetics and 7478 nondiabetics were enrolled in the present study. The primary endpoint of this study was all-cause mortality. Ascertainment of mortality was determined by the Ministry of Security and Public Administration\'s query. Investigations were performed until December 20, 2014 in 2 centers and September 24, 2014 in the other center. The appropriate institutional review board committees approved the study protocol for the 3 healthcare centers.

Information on the medical history of hypertension, diabetes, and smoking status for each subject was systematically collected. Height, weight, and blood pressure (BP) were measured during healthcare center visits. All blood samples were obtained after a minimum 8-h fast and analyzed for triglycerides, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, and glucose levels. A subject\'s kidney function was assessed based on the estimated glomerular filtration rate (GFR) calculated using the formula validated in the Cockcroft-Gault formula.^\[[@R15]\]^ Chronic kidney disease (CKD) was defined as an estimated GFR \< 60 mL/min per 1.73 m^2^. MetS was defined as the presence of ≥3 out of a list of 5 parameters: abdominal obesity based on waist circumference ≥90 cm in males or ≥80 cm in females; systolic BP ≥ 130 mm Hg or diastolic BP ≥ 85 mm Hg, a referral diagnosis of hypertension, or on antihypertensive treatment; HDL cholesterol level \<40 mg/dL in men or \<50 mg/dL in women; fasting triglycerides level ≥150 mg/dL; and impaired fasting glucose, defined as a fasting glucose level ≥100 mg/dL, a referral diagnosis of DM, or on DM treatment according to the National Cholesterol Education Program---Adult Treatment Panel III definition.^\[[@R10]\]^ Diabetes was defined as a fasting glucose level ≥126 mg/dL, glycosylated hemoglobin (HbA1c) ≥6.5%, undergoing an antidiabetic treatment, or a referral diagnosis of diabetes.^\[[@R16]\]^ In all of the centers, a coronary artery calcium scan was performed using a \>16 slice multidetector computed tomography (CT) scanner. Specific CT scanner types used in each center included Philips Brilliance 256 iCT, Philips Brilliance 40 channel MDCT, Siemens 16-slice Sensation, and GE 64-slice Lightspeed. All 3 centers performed standard prospective or retrospective methods. The coronary artery calcium score (CACS) was evaluated on the basis of the scoring system from a previously described method.^\[[@R17]\]^ In the present study, we used CACS ≥ 400 as the parameter for estimating severe coronary calcification in the present study.

2.2. Statistical analysis
-------------------------

Clinical and biochemical characteristics are shown according to the presence of DM and MetS. Continuous variables are expressed as the mean ± standard deviation, and categorical variables are presented as absolute counts and percentages. Differences between continuous variables were analyzed by Student *t* test, and those between categorical variables were analyzed by the χ^2^ test or Fisher exact test, as appropriate. Kaplan--Meier survival analysis was performed for the cumulative incidence of all-cause death. Comparisons between groups were performed using the log-rank test. Cox hazard regression analysis was performed to identify the impact of DM, MetS, and individual MetS component for all-cause mortality. From the Cox model, hazard ratios (HRs) and 95% confidence intervals (CI) were calculated. The forced entry method was used to enter independent variables into the multiple regression models for identifying the impact of MetS on mortality. SPSS statistical software version 20.0 (SPSS, Inc, Chicago, IL) was used for statistical analyses. Values of *P* \< 0.05 were considered significant.

3. Results
==========

3.1. Baseline characteristics
-----------------------------

Baseline characteristics of the PSM participants are presented in Table [1](#T1){ref-type="table"}. Compared with non-DM subjects, DM subjects had significantly higher levels of fasting glucose and HbA1c. The levels of total cholesterol were significantly lower in DM subjects than in non-DM subjects. The incidence of CACS \> 400 was significantly higher in DM subjects than in non-DM subjects (6.0% vs 4.3%, respectively; *P* \< 0.001). Results of comparing metabolic abnormalities according to DM in the PSM participants that were described as continuous variables were presented in Supplementary Table 1. Metabolic abnormalities that were described as continuous variables according to the number of MetS components in non-DM and DM participants were presented in Supplementary Table 2.
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Clinical characteristics of PSM participants.
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3.2. Clinical outcomes according to DM and MetS
-----------------------------------------------

A total of 144 all-cause deaths occurred during the follow-up period. The incidence of all-cause death was higher in DM subjects than in non-DM subjects (0.7% vs 1.2%, respectively; *P* = 0.001). In the Kaplan--Meier analysis, DM subjects had higher cumulative mortality compared with nondiabetic subjects (log-rank *P* = 0.001). Additionally, DM increased the risk of mortality in PMS participants (HR 1.74; 95% CI 1.24--2.44; *P* = 0.001) (Fig. [1](#F1){ref-type="fig"}). In non-DM subjects, MetS subjects had significantly higher cumulative mortality compared with non-MetS subjects (log-rank *P* = 0.011). However, as shown in Fig. [2](#F2){ref-type="fig"}, there was no significant difference in the cumulative mortality according to MetS in DM subjects (log-rank *P* = 0.556).

![Kaplan--Meier survival analysis for the cumulative mortality according to DM in propensity score matching participants. DM = diabetes mellitus.](medi-95-e5421-g002){#F1}

![Kaplan--Meier survival analysis for the cumulative mortality according to MetS in (A) non-DM and (B) DM subjects. DM = diabetes mellitus, MetS = metabolic syndrome.](medi-95-e5421-g003){#F2}

3.3. Impact of individual MetS component on the mortality according to DM
-------------------------------------------------------------------------

The results of univariate Cox hazard regression analyses to identify the impact of MetS and its individual components on mortality according to DM status are presented in Table [2](#T2){ref-type="table"}. In non-DM subjects, MetS (HR 2.32; 95% CI 1.20--4.52; *P* = 0.013) and central obesity (HR 1.97; 95% CI 1.09--3.55; *P* = 0.024) among its individual component were significantly associated with an increased risk of mortality. In contrast, there was no significant difference in the risk of mortality according to MetS and its individual components in DM subjects. In the multivariate Cox hazard regression analyses after adjusting individual MetS components as continuous variables also showed consistent results (Supplementary Table 3).
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Univariate Cox regression analysis for identifying the impact of MetS and its individual component on mortality according to DM in PSM participants.
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3.4. Independent impact of MetS on mortality in non-DM subjects
---------------------------------------------------------------

Multiple Cox hazard regression models were analyzed to identify the impact of MetS on mortality in non-DM subjects. After adjusting consecutive variables including age, gender, CKD, smoking, and CACS \> 400, MetS was independently associated with the increased risk of mortality in non-DM subjects (Table [3](#T3){ref-type="table"}). In addition, the number of MetS components was independently associated with the increased risk of mortality in non-DM subjects (Supplementary Table 4).
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Cox regression models for the impact of MetS on mortality in non-DM participants.
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4. Discussion
=============

To the best of our knowledge, this PSM study provides the first information on the differential association between MetS and long-term mortality according to DM status in the asymptomatic Asian population. There were 2 major findings: DM subjects had the increased risk of long-term mortality compared with non-DM subjects after PSM with abnormal metabolic components and MetS was independently associated with the increased mortality only in subjects without established DM.

While MetS is a somewhat reversible condition because its diagnosis depends on the number of clustering components, DM is a chronic and progressive illness that is strongly associated with the increased risk of mortality.^\[[@R1]--[@R4]\]^ It is well known that the clinical features of DM in Asia (when compared with other parts of the world) are explicitly different in DM developed at a younger age and in a much shorter time than in subjects with much lower body mass index.^\[[@R7]\]^ In clinical practice, MetS has been promoted as a means of identifying the risk of DM development because of its major characteristics.^\[[@R18]\]^ However, established DM has been concurrently included in the diagnostic criteria for MetS as a component of impaired fasting glucose. Despite the recent recommendation that established DM be excluded from the definition of MetS,^\[[@R14]\]^ data supporting this recommendation are limited.

A previous study from Aerobics Center Longitudinal Study, which was performed in a Western population, reported that the presence of DM is associated with the increased risk of cardiovascular mortality and that MetS status does not have an effect on this risk in men.^\[[@R19]\]^ In Korea, a recent cross-sectional cohort study reported that MetS had an incremental impact on subclinical atherosclerosis in patients without established DM.^\[[@R20]\]^ However, a paucity of data on the association between DM, MetS, and clinical outcomes in Asian populations exists. In the present study, in an asymptomatic Korean population, DM subjects had higher long-term mortality compared with non-DM subjects after 1:1 PSM with individual components of MetS. Thus, all participants had basically the component of impaired fasting glucose and might be relatively higher-risk patients compared with general population.

Interestingly, MetS independently increased the risk of mortality only in subjects without established DM. Central obesity was associated with the increased risk of mortality in non-DM subjects. Previous studies have indicated that adverse clinical events might be directly dependent on hyperglycemia in DM subjects but might be influenced by multiple traditional risk factors in patients without established DM.^\[[@R21]--[@R23]\]^ Moreover, recent evidence has suggested a close relationship between glucose fluctuations and adverse clinical outcomes in DM subjects because of increased oxidative stress responses and inflammatory factors.^\[[@R24]--[@R26]\]^ These effects might offset the impact of MetS and/or its individual components on long-term mortality in subjects with established DM. Additionally, considering that central obesity is strongly associated with insulin resistance, newly developed DM might be associated with increased mortality in non-DM subjects with central obesity during follow-up periods. Given the controversy over the definition of MetS, the present results indicate that diabetes strongly impacts long-term mortality irrespective of MetS and presents proper evidence arguing against the inclusion of established DM in the classification of MetS. Further prospective studies should be conducted to address these issues in clinical practice.

The International Diabetes Federation (IDF) emphasizes that central obesity is essential for the diagnosis of MetS.^\[[@R27]\]^ Furthermore, despite the recent argument on the predictive value of MetS for mortality over the Framingham risk score (FRS), waist circumference appears to have a significant role as part of the FRS provided their cut-off points are optimized.^\[[@R28]\]^ In clinical practice, there is a paucity of data on the predictive value of the levels of triglyceride and HDL for adverse clinical outcomes at the era of statin which is improved to reduce mortality across a wide range of cholesterol levels in high-risk patients. In our study, patients with DM had significantly higher mortality compared with patients with non-DM despite significantly lower LDL levels in the PSM participants of present study. We could identify that only central obesity was significantly associated with the increased risk of mortality among all MetS components and the number of MetS components independently impacted on the increased mortality in non-DM subjects. These results might strongly support the IDF definition that central obesity has a pivotal role in the pathogenesis of MetS and is a prerequisite for the diagnosis of MetS.

The present study has some limitations. First, the incidence of all-cause death, the primary endpoint, was very small despite the large sample size of this study. Because the KOICA registry data are based on the generally healthy population who received health check-ups in healthcare centers; the number of clinical events at follow-up was limited. Second, the present study was retrospective and might have been influenced by unobserved confounders. However, we attempted to minimize the bias effects or confounding factors using the 1:1 PSM analysis. Despite the limitations of this study, it appears to be unique in that we first identified the different association between MetS and long-term mortality according to DM in the asymptomatic Korean population. Furthermore, to our knowledge, the population size in this study is the largest to date reporting the impact of MetS on mortality according to DM status in an Asian population. Considering the explicitly different clinical features of DM in Asians compared with Western populations, the results of our study might provide useful information for applying the concept of MetS for predicting adverse clinical outcomes in an Asian population.

5. Conclusion
=============

In conclusion, DM subjects have an increased risk of long-term mortality compared with non-DM subjects after PSM with metabolic abnormalities. MetS appears to have an independent impact on mortality only in subjects without established DM among the asymptomatic Korean population. Our results may not be applicable to the whole subjects with MetS because the PSM using MetS components was performed between subjects with and without DM which was very high risk for adverse clinical events.
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